In October 2016, XYZ Laboratories requested assistance with conducting a radiological survey of each of their Bruker D8 Advance XRD instruments to determine compliance with Title 64 West Virginia Legislative Rule, Department of Health, Series 23, Radiological Health Rules (64CSR23) and 10 CFR Part 20 -Standards for Protection Against Radiation in regards to the X-Ray radiation being emitted during operation of the units.
The final recommendation is to continue with the annual survey schedule conducted by or under the supervision of a Certified Health Physicist. A request should be submitted to record the locations and values associated with all survey points. With this more historical data can be obtained to see how levels fluctuate and where the strongest emissions occur. The power levels should be noted and kept consistent with each survey. In addition, a Scintillator detector should be used in future surveys to more accurately measure the lower level gamma radiation. Advance XRD Instrument and previous survey data.
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Ionizing Radiation
Ionizing radiation can be defined as radiation that has the ability to create ions that interact with and alter biological structures. It is produced by unstable atoms, which are different from stable atoms due to their excess energy, mass, or both. Unstable atoms are radioactive. To become stable, these atoms release, or emit, their excess electrons and/or energy. These emissions are called radiation. Ionizing radiation can be found in the following types:
1) Alpha Radiation
Occurs when an atom undergoes radioactive decay. During this process, it releases a particle (called an alpha particle) changing the original atom to an isotope. Due to their charge and mass, alpha particles interact strongly with matter. Alpha particles are so weak that they cannot penetrate the outer layer of dead skin cells, but are capable of causing serious cell damage if ingested or inhaled. (Mirion, 2010; UMT, 2002) 2) Beta Radiation Takes the form of an electron being emitted from an atom. It can travel further than an alpha particle but can be stopped by a thick piece of plastic or even a stack of paper. It can also penetrate skin by a few centimeters, posing a minor external health risk. Their primary threat is also from ingested material. (Mirion, 2010; UMT, 2002) 3) Gamma Radiation Gamma radiation does not consist of particles and instead consists of a photon of energy being emitted from an unstable nucleus. Due to its higher energy and nearly zero mass, it can penetrate much farther than alpha or beta particles. It is emitted by naturally radioactive materials/occurrences, such as cosmic rays, lighting, and radioactive decay from elements such as radium. Gamma radiation can be stopped by a sufficient thickness of lead or depleted uranium. (Mirion, 2010; UMT, 2002) 4) X-Rays X-rays are similar to gamma radiation but are not naturally occurring. They are generated from the electron cloud of atoms, as opposed to the nucleus. In addition, X-Rays have longer-wavelengths and typically have lower energy than gamma radiation. (Mirion, 2010; UMT, 2002) 
Sources of Radiation
Radiation can be emitted from many sources, both natural/background and man-made.
Natural/background sources of radiation are all around us. They include cosmic rays from the sun, radiation from the ground and the earth itself (e.g., radon). As a result, the human body and building materials are naturally radioactive. Man-made sources of radiation can be found in sources such as medical devices, fallout from nuclear bombs, some consumer products, and from nuclear power plants.
Biological Effects of Radiation
When biological cells become exposed to radiation, several components of DNA and other proteins within the cell become ionized, resulting in charged particles that break existing bonds and form new bonds, causing the potential for DNA strands to break apart and proteins to become denatured by altering their physical structure from their naturally occurring form. This results in a loss of their three dimensional structure, which then in turn alters its function.
Certain areas of the body and organs, such as the lymphoid organs, bone marrow, blood, testes, ovaries, and intestines are more susceptible to the effects of radiation, which is reflected in the varying allowable dose scheme produced by Occupational Safety and Health Administration and the International Atomic Energy Agency.
Unit Descriptions
Counts Per Minute (CPM) -a unit of measurement for a Geiger counter. It can be defined as the number of atoms in a given quantity of radioactive material that are detected to have decayed in one minute. (Ludlum, 2011) Roentgen (R) -defined as "The amount of Xor gamma-radiation that produces ionization resulting in one electrostatic unit of charge in one cubic centimeter of dry air at standard conditions." (Plog and Quinlan, 2002) Seivert (Sv) -defined as "Unit of absorbed radiation dose times the quality factor of the radiation as compared to gamma-radiation." (Plog and Quinlan, 2002 
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Description of Bruker D8 Advance XRD Instrument
For this study, a Bruker D8 Advance XRD instrument was utilized as a device to analyze a sample element to determine its composition by bombarding it with x-rays. This process is called "diffractometry" and is discussed below. In this particular application, the quality control lab uses the XRD to analyze powder samples from various products to determine phase identification of crystalline material, to obtain information on unit cell dimensions, and to test sample purity.
Each Bruker D8 Advance XRD instruments produces x-rays using a ceramic x-ray generating tube, with a Cu anode as the primary x-ray beam source. In this design, x-rays are generated when a focused electron beam accelerated across a high voltage field strikes a stationary solid Cu target. As electrons collide with atoms in the target and slow down, a continuous spectrum of xrays is emitted. The power is adjustable from 20 -60 kV (Bruker, 2009 ). According to the with changes in the power setting.
Each Bruker D8 Advance XRD unit uses a low energy, sealed X-ray source that is contained within a radiation-safe cabinet with all appropriate shielding and required multiple safety interlocks. For that reason, operation of this instrument does not require personnel dosimetry monitoring such as a film badge. Each Bruker unit undergoes annual maintenance and functional testing in accordance to the manufacturer's specifications as detailed in the Bruker Technical Operations Manual. For XYZ Laboratories, this was conducted by a certified technician from Bruker.
Previous survey data
The results from previous surveys are provided below. These surveys were utilized as a basic template for this project. The surveys were combined with current data to conduct a metaanalysis of data sets from 2014, 2015, and 2016.
1) 2016 Consultant Surveys
The 2016 consultant surveys were conducted on the same day as the surveys for this project. The same make and model equipment utilized by the consultant was rented for this project. However, the consultant did not provide data sets. They simply stated that all site survey points were at or below background measurements. 
CHAPTER 2: METHODS
This methods section discusses the sampling apparatus, sampling methodology, analytical parameters, and data reduction.
Sampling Apparatus
Ludlum Measurement, Inc. equipment was rented for this survey. This is the same equipment that was utilized in previous surveys, with the exception of the detector type. 
Data Reduction
Data was organized and communicated using Tables 10-21 and communicated using Figures 
CHAPTER 3: RESULTS
Results found in this chapter are associated with the 2016 survey results for each lab organized into Tables 10-21, as well as graphical and statistical analysis of the data located in Figures 9-18 .
The use of the data will be described in each section.
Data
Tables 10-19 in this section are in reference to data collected through the 2016 surveys at Lab A and Lab B. Figures 9-14 are used to communicate the statistical results from the analysis of Labs A and B. The use of the individual associated data will be described in each section.
Lab A 2016 Survey Results
Tables 10-12 communicate the results of the Lab A 2016 Reference Check Results, Background
Readings, and Site Survey Points, respectively. Table 10 was used to determine whether or not a sample would be rejected. Table 11 was used in the calculation for the annual exposure. 
One Way ANOVA for Lab A (3yr data)
A One Way ANOVA for Lab A was conducted in order to complete a meta-analysis of 3yrs of historical data to analyze trends in the data. A One Way ANOVA for Lab B was conducted in order to complete a meta-analysis of 3yrs of historical data to analyze trends in the data. The survey means in 2014 and 2015 were much lower in comparison to the higher 2016 mean.
In the same manner as Lab A, Lab B also reported higher than anticipated means for 2016. The normality of the analysis is once again worrisome, as the data appears to have no semblance of normality. The data indicates a change in 2016 from the previous 2 years (2014 and 2015) and three possibilities, listed previously, should be explored to find the cause of the difference in the data. (See Table 21 and Figures 17-18 ) Three possible explanations, or a combination of explanations for this exists.
 The first is the power setting for which the Bruker unit is being used. The power range is adjustable from 20-60 kV which would have an impact on the amount of radiation generated and emitted. The operator's manual states to start the machine on 40 kV.
However, the power level has not been noted on any survey. Without knowing this, there is little confidence that the consistency has been maintained in regards to the power levels and could result in varying measurements.
 The second is related to the ceramic X-Ray tube which is needed to generate the radiation for diffractometry. The tubes for each unit were recently replaced. The age or hours of use were not noted for the older tubes. The new tubes could be generating more radiation than the older tubes. Future surveys will be able to assist in obtaining more historical data for degradation of the tubes.
survey was conducted using a Ludlum Gieger-Mueller Pancake Detector. This was used because it was the same equipment being used by the Certified Health Physicist from the consultant firm that conducted the state required survey. However, in reviewing the previous survey reports which were conducted by another consultant firm, it was noted that they used a Ludlum Sodium Ion (NaI) Gamma Scintillator detector as opposed to the Pancake detector. According to the manufacturer, the Gamma Scintillator better detects low-level gamma radiation. The manufacture lists the limit of detection for the Gamma
Scintillator as nominally linear (within 10%) from 5 µR/hr to 50 mR/hr whereas the Pancake detector has a limit of detection as nominally linear (within 10%) from 1 mR/hr to 300 mR/hr. In addition, the manufacturer states it is approximately 50 times more sensitive than the Pancake detector. Because both labs presented such low measurements, the Scintillator detector would have resulted in lower, more accurate readings.
CHAPTER 5: CONCLUSION
Based on the data, there is a statistically significant difference between data observed in 2014 and 2015 for both labs when compared to the data from the 2016 survey. The 2016 data demonstrates higher measurements, but still below background radiation levels.
According to the survey results, both laboratories were near or below the background measurements with only one survey point above the background for each lab. As communicated in Table 22 , the data for Lab A resulted in an annual exposure measurement of 8.82E-05 Sv/yr. needed. It should be noted that a new survey must be conducted any time a replacement part is installed on the unit, any changes occur in the operation, or the unit is moved to a new location.
As communicated in
According to both standards identified in this report (64CRS23 and 10 CFR Part 20), personal dosimetry is not needed due to the low measurements, appropriate shielding, and the sealed source construction of the unit. If at any time a survey results in a level above the standard, additional testing must be conducted and personal dosimetry considered.
The final recommendation is to continue with the annual survey schedule conducted by or under the supervision of a Certified Health Physicist, with the following modifications to the survey:
 A request should be submitted to record the locations and values associated with all survey points. With this, more historical data can be obtained to see how levels fluctuate and where the strongest emissions occur.
 The power levels should be noted and kept consistent with each survey.
 A Scintillator detector should be used in future surveys to more accurately measure the lower level gamma radiation.
